OBJECTIVE: To describe 8 y weight change in Chinese adults and to determine the baseline characteristics of those who gained weight. DESIGN: A population-based cohort study of weight change and its predictors from 1989 to 1997. PARTICIPANTS: A cohort of 2488 adults aged 20±45 in 1989 drawn from seven provinces in China using multistage, random cluster sampling. MEASUREMENTS: Weight change over 8 y was the outcome variable. The key exposures were baseline energy intake, physical activity at work, alcohol consumption and smoking status. Baseline weight, weight status, height, age, residence, income and educational attainment were control variables. RESULTS: Overweight (body mass index, BMI ! 25 kgam 2 ) doubled in females (10.4±20.8%) and almost tripled in males (5.0± 14.1%). Low physical activity was a strong predictor of weight gain. Compared to those whose weight remained stable (AE 2 kga8 y), males and females who experienced large weight gain (b 5 kga8 y) were 3 and 1.8 times more likely to engage in light rather than heavy work-related physical activity. CONCLUSION: The prevalence of overweight increased dramatically in this cohort. Light work-related physical activity was the strongest predictor of this weight gain.
Introduction
China is a nation in transition. In recent years, rapid social and economic change has forged such fundamental change in the populations diet and activity levels that, as is the case in the rest of the world, overweight and obesity are now a major public health concern for adults in China. 1, 2 Diet has predominantly changed in composition, with traditional high-carbohydrate diets being replaced by diets higher in fat. Changes in activity have been towards increasingly sedentary occupations and lifestyles. For instance, occupations in the agricultural sector have become fewer in number and, thanks to advances in technology, less physically demanding. At the same time, the proportion of Chinese households with television sets has increased. In the 1989, 65% of households owned TV sets while in 1997 91% had TV sets. These changes point towards increasing weight gain and greater risk of cardiovascular disease and type 2 diabetes. Moreover, the risk of these diseases may be exacerbated by undernutrition in utero or as infants. 3 Weight gain refers to the fat deposition that occurs as a consequence of a long-term positive energy balance. In this situation, energy intake from the diet exceeds energy expended for basal metabolism, thermogenesis and physical activity. There is controversy over the role of dietary composition in determining energy imbalance and subsequent weight gain. 4, 5 However, energy dense diets along with sedentary lifestyles are likely to be the key determinants. 6±8 In addition, longitudinal studies have found that baseline lifestyle and sociodemographic factors such as low income, low education, excessive alcohol consumption and, for women, parity predict weight gain. 9±13 Weight gain also varies with age, gender and race, highlighting the importance of underlying genotypes. 14, 15 Much less is known about weight gain and its causes in rapidly developing countries. While secular trend data from Brazil, Russia, China and the South Paci®c indicate that overweight and obesity are increasing, 16 few studies have actually tracked weight. A weight gain of just over 1 kg per y was observed in a cohort of Western Samoan men from 1982 until 1992, 17 and a longitudinal study from Mauritius observed a 9±10% increase in the prevalence of overweight and obesity (a body mass index (BMI) b 25 kgam 2 ). 18 In the Mauritius study younger age, leanness, non-diabetic glucose tolerance, smoking cessation (men), multiparity and lower baseline income (women) were important predictors. However, these countries are somewhat unique as they have high pre-existing levels of overweight and obesity.
The China Health and Nutrition survey (CHNS) has monitored the impact of social and economic development in China since 1989. Increases in overweight and obesity (BMI b 25 kgam 2 ) have already been noted in adults over a 3 y period. 19 This study adds to these ®ndings by presenting 8 y weight change data and by investigating the baseline characteristics of those who gained weight.
Methods

Survey design
The CHNS is a longitudinal survey of health and nutrition in China, conducted jointly by the China Academy of Preventive Medicine and the University of North Carolina at Chapel Hill. The initial survey was in 1989 and included eight provinces (Shangdong, Jiangsu, Hunan, Hutei, Henan, Guizhou, Guangxi and Liaoning). Follow-up surveys were conducted in 1991, 1993 and 1997, although the Liaoning province did not participate in the 1997 survey. The survey is not nationally representative; the provinces vary considerably in geography, stage of economic development and health status. This variation was achieved using a multistage, random-cluster sampling process. Four counties were selected within each of the above provinces. Within each countyaurban area, neighborhoods were randomly selected from suburbs, townships and villages. Twenty randomly selected households were targeted within each neighborhood.
In this analysis we focused on a cohort of 2487 adults aged 20±45 y who had their weight measured in both the 1989 and 1997 surveys.
At baseline (1989) . From the 4208 participants remaining, the overall response rate was 59%. Compared to the cohort who remained in the study, those lost to follow-up were signi®cantly more likely to live in urban areas, to have higher per capita incomes and to have a higher level of education. They were also younger, obtained more of their dietary energy from fat and were less physically active. However, based on the results of Heckman model of selection bias, these differences did not appear to alter the relationship between weight change and the predictor variables. 20 Procedures and measurements Health workers visited each survey household with questionnaires on sociodemographics, health and nutrition that were directed at both the household and individual level. Anthropometric data were also collected, using standard measurement techniques. Height was measured without shoes to the nearest 0.2 cm using a portable stadiometer. Weight was measured without shoes and in light clothing to the nearest 0.1 kg on a calibrated beam scale. BMI was calculated as weight (in kg) divided by height (m) squared. Dietary intake data were collected by nutritionists using 24 h recalls collected over three consecutive days and condiments and added oils were measured and weighed over the same days. A weekend day was not necessarily included. Daily energy intake was calculated using 1991 Chinese Food Composition Tables. Linear regression was used to model key biological and behavioral variables (energy intake, physical activity at work, smoking and drinking status) against weight change as a continuous variable. Anthropometric and socio-demographic variables were included as control variables. Given that height was unlikely to vary in a cohort of this age and that weight change, rather than weight per se, was the outcome variable of interest, we chose weight change rather than BMI change as the dependent variable to simplify interpretation and allow comparison with extant research. Robust standard errors were calculated to minimize the effect of cluster sampling on the test statistics. Baseline weight (kg), height (m), age (y) and energy intake (kJ) per kg body weight were included in the model as continuous variables. Indicator variables identifying participants as underweight or overweight, compared to normal weight, and those engaging in light and moderate work-related physical activity, compared to heavy, were also included. The work-related physical activity variable was based on a detailed interview about activity at work (for example, working in a sitting position was considered very light activity, whereas farming was considered a heavy activity). Interviewers had a code book that listed an activity level beside common occupations and also probed participants about the nature of their activity outside of working hours. Elsewhere, we have found that changes in this variable predict both changes in BMI and obesity incidence. 23 Alcohol consumption in the past year (YesaNo) and current smoking status (YesaNo) were included Weight gain in China AC Bell et al as dichotomous variables. These variables were obtained from a 1991 survey and do not represent baseline alcohol consumption or smoking status. The socio-demographic variables included place of residence (urbanarural) and indicators for medium and high thirds of income (vs low) and middle school and college education (vs primary school). The thirds of income were based on real per capita income in yuan. Education was based on how many years of formal education a person had received at each level. College included training at a technical college or a university. Four mutually exclusive weight change categories were created based on the direction and magnitude of an individuals weight change over the 8 y period. The weight loss group was de®ned as those who lost more that 2 kg (loss b 72 kg, mean 74.8 kg). The weight stable group had weights that remained within AE 2 kg (stable 72 to 2 kg, mean 0.1 kg). The moderate weight gain group were those who gained more than 2 and up to 5 kg (MWG b 2 to 5 kg, mean 3.6 kg) and the large weight gain group were those who gained more than 5 kg (LWG b 5 kg, mean 8.5 kg). Relative risk ratios derived from multiple logistic regression models were used to determine which variables were important predictors of weight loss, moderate weight gain or large weight gain, compared to remaining weight stable. For example, a relative risk of 2 for light physical activity in the moderate weight gain category (MWG), means that, compared to the weight stable group, the MWG group was twice as likely to engage in light rather than heavy physical activity. Once again, robust standard errors were calculated for these models.
Analysis
Finally, the proportion of people in each of these weight change categories was predicted by assuming everyone in the sample engaged in light physical activity level. Similar predictions were made based on assumptions of uniform moderate and heavy physical activity.
Statistical signi®cance was accepted at P`0.05. Data were stored and managed in SAS (SAS Institute, Cary, NC) and all statistical analysis were carried out in Stata version 6.0.
Results
The baseline characteristics of this cohort are summarized in Table 1 . Mean energy intake per kg body weight was similar between the sexes. Over 50% of men and women in the cohort engaged in heavy physical activity at work while alcohol consumption and smoking were predominantly male activities. Most participants were married and this lack of variation precluded the inclusion of marital status in the models. Given the low proportion of women smokers and the low numbers of men and women with a college education, the models discussed below were run with and without a smoking variable for women, and with either the three-level variable for education discussed in the methods or a dichotomous variable (primary vs middle college). The changes did not alter the signi®cance of the variables and therefore the original models were retained.
The shape of the BMI distribution curve changed over the 8 y period (Figure 1 ). Mean BMI increased from 21.5 to 22.4 kgam 2 between the two time periods and the curve shifted to the right. However, it also¯attened out and expanded at higher levels of BMI, implying that the increase in overweight was greater than the decrease in underweight. This observation was borne out in a comparison of weight status categories between the two years ( Table 2) . From 1989 to 1997 the proportion of underweight men and women dropped by 2.3 and 4.4%, respectively. On the¯ip side, there Weight gain in China AC Bell et al was a 9% increase in the proportion of men and women who were overweight. In 1989, obesity was almost non-existent for this cohort and in 1997 it was still rare for men. However, the prevalence of obesity in women increased 7-fold from 0.2 to 1.5% over this 8 y period. Thus, by 1997 14.1% of men and 20.7% of women were overweight or obese compared to 5.0 and 10.5% in 1989. Table 3 offers a ®rst look at which variables were important predictors of weight change in Chinese men and women. For men, being taller at baseline, having light to moderate activity levels at work (vs heavy) and having a college education (vs a primary school education) were predictive of subsequent weight gain. Higher baseline weight and energy intake (per kg body weight) predicted subsequent weight loss. A similar pattern was observed for women with the exception that having a college education at baseline was predictive of subsequent weight loss, not gain. Also, being in the highest income tertile predicted subsequent weight gain in women.
Next we examined the impact of physical activity at work, energy intake, alcohol consumption and smoking on the magnitude of weight gain (Table 4 ). Compared to those who remained weight stable, men who experienced large weight gain were three times more likely to have engaged in light rather than heavy work-related activity, two-and-a-half times more likely to have engaged in moderate rather than heavy Figure 1 Eight-year change in BMI distribution curves for a cohort of adults aged 20±45 y in 1989 (n 2486). Weight gain in China AC Bell et al physical activity and 55% more likely to have consumed alcohol. Those who experienced moderate weight gain were also more likely to have engaged in light rather than heavy physical activity. Energy intake and smoking did not affect the risk of weight gain. Only physical activity played a role in weight gain for women. Those who gained b 5 kg were 83 and 69% more likely to have engaged in light and moderate rather than heavy physical activity compared to those who remained weight stable. Moreover, risk of moderate weight gain was also higher for those engaged in light and moderate activity.
While the main focus of this paper was weight gain, there were important associations with weight loss. Compared to the group of men who remained weight stable, those who lost weight were more likely to have a high baseline weight but less likely to have been overweight. They were less likely to have been tall and marginally more likely to have a higher energy intake per kg body weight. Compared to the women who remained weight stable, those who lost weight were both heavier and shorter at baseline.
In Figure 2 , the adjusted proportion of men and women in each weight change category can be compared with Figure 2 Adjusted actual and predicted weight change pro®les based on levels of work-related activity for men and women. Adjusted for baseline weight, weight status, height, age, energy intake, drinker, smoker, marital status, residence, medium or high income and middle school or college education.
Weight gain in China AC Bell et al predicted proportions, based on work-related activity levels. The actual proportion of men who experienced large weight gain was 29%. However, this proportion would have been 37% had all the men in the cohort engaged in light physical activity. Likewise, the actual proportion of women who experienced large weight gain was 25% but if they had all engaged in light physical activity 31% would have gained 5 kg or more.
Interesting differences in the weight change categories can also be observed by comparing the`all light' and`all heavy' physical activity levels. If all the men in the cohort had engaged in light physical activity, 37% would have experience large weight gain, compared to 24% if they had all been heavily active. Moreover, in the`all heavy' simulation, almost 40% of men would have remained weight stable. The proportions of women who gained moderate or large amounts of weight were similar for all three activity simulations and thus the differences in large weight gain were not as marked. However, in the`all heavy' simulation over 40% of women would have remained weight stable and only 20% would have experienced a weight gain of 5 kg or more.
Discussion
The prevalence of overweight doubled in females and tripled in males from 1989 to 1997. This is a particularly important ®nding in light of data suggesting that the health risks associated with a BMI ! 25 kgam 2 may be much greater in some Asian populations. 24, 25 Moreover, the rate of increase in the prevalence of overweight on an annualized basis was over 1% for men and women. This is considerably higher than the 0.4% per year increase in overweight in China during the early 1980s. 26 From the sparse trend data available for other developing countries, only Brazilian women were found to have a higher rate of increase (1.7% per year from 1974a1975 to 1989). 16 It is clear that, in China, there is a far greater increase in overweight among adults than children whereas in countries further along the nutrition transition, such as Brazil, the changes in overweight prevalence are as great or greater among children and adolescents. 27 The key modi®able determinant of weight gain in this study was work-related physical activity. In 1989, 16% of this cohort had occupations that involved light activity and 30% had occupations that involved moderate activity. Being in either of these categories increased the risk of large weight gain (b 5 kga8 y). Moreover, when we simulated a decline in work-related physical activity by assuming everyone had light activity occupations, an additional 10% of men and women would have gained weight. The ®rst question one raises is how important are the other components of physical activity such as those related to traveling to work and to leisure? Longitudinal data on transport related activity were not available. However, a preliminary cross-sectional analysis from the 1997 survey indicates that active transport was common. Seventy-nine percent reported walking all, or part, of the way to work or to the shops daily, with a median round-trip of 30 min. Thirty percent cycled and the median round-trip was 20 min. On the other hand, active leisure, such as martial arts, jogging or sports, was rare with just 2% pursuing these activities at least 12 times in the year prior to the 1997 survey. The median time spent on active leisure was 3 h per week. Thus, work-related and transport-related activity may be more important in¯uences on weight change in China than leisure-related activity. The interplay between these categories of activity may also be important. For example, a higher proportion of those with light or moderate activity occupations at baseline cycled to work in 1997 (30 vs 23%) compared to those with heavy activity occupations and, their trip was longer (median 30 vs 20 min). Likewise, a higher proportion pursued active leisure (4 vs 1%). In developed countries, advances in technology have reduced work-related physical activity considerably. 28 What is more, sedentary forms of leisure-time activity and transportation are increasingly the norm. 29 Much of the growing obesity epidemic in these countries has been attributed to these changes. Obese individuals tend to be less physically active than the non-obese, 30 and weight gain has been associated with low levels of leisure-time activity. Rissanen et al observed the risk of substantial weight gain (!5 kga5 y) in 12 669 adult Finns to be greatest for those who had little leisure-time physical activity. 10 In contrast, those who engaged in more frequent activity lost weight within the 5 y period. In a similar sized study from Finland, being sedentary at work was associated with excess risk of death from ischemic heart disease. 31 The baseline energy intakes of those who gained weight were not signi®cantly different from those who remained weight stable. Thus, baseline energy intake was not a good identi®er of future weight gain. Unlike work-related physical activity which probably remained stable for individuals from 1989 to 1997 or shifted in a constant direction, there is considerable within-person variation in energy intake, even from day to day. 32 Therefore, the association between energy intake and weight gain may be better considered in a dynamic context with energy intake measured over time. Change in energy intake was positively associated with change in BMI in an earlier analysis of this cohort. 23 Alcohol consumption, as a behavior rather than as an energy source, was associated with large weight gain in men. The relationship between alcohol consumption and weight is inconsistent and heavy drinkers often do not experience weight gain in spite of high energy intake due to alcohol. 33 However, the body gives priority to the oxidation of energy from alcohol over energy from other sources, including fat. This mechanism would encourage weight gain in those who combine alcohol consumption with eating high fat foods by promoting fat storage.
A high proportion of the men in this cohort smoked and smoking was inversely, although not signi®cantly, related to weight. The inverse association of smoking with weight may be due to its effects on metabolic rate, energy intake and Weight gain in China AC Bell et al storage and energy expenditure. 34 In one study however, weight gain was observed in current smokers as well as ex-smokers and non-smokers, suggesting that the factors promoting weight gain were overcoming the inverse effect of smoking. 35 Smoking cessation strategies have been advocated for men in China. 36 Because the proportion of men who smoke is so high, weight gain as a consequence of quitting may be an important consideration when developing these strategies.
High socio-economic status generally implies a high prevalence on obesity in developing countries. 37 However, in this study having a college education predicted weight loss in women. A similar association has recently been observed in women from Brazil. 38 Changes in weight status are typically observed earlier in women than in men, and it appears that in China and Brazil education may be offering some protective effect. Education has been negatively associated with skinfold thickness in US women but not in men. 39 The rapid weight gain observed in this study is likely to have major health implications. In European and North American populations, the risk of type 2 diabetes, coronary heart disease and subsequent mortality, increases with weight gain. 40±43 A similar pattern of weight gain, chronic disease and mortality has been observed in non-smoking Chinese men from Shanghai. 44 This prospective study found a U-shaped curve between BMI and total mortality. Moreover, risk of death in those with a BMI ! 26 kgam 2 was largely due to cardiovascular disease and stroke. Increased mortality risk in those with a BMI`18.5 kgam 2 was linked to infectious diseases.
A further consideration is the possibility that BMI cut-offs used in this study may understate health risk. The cutoffs are those recommended by the WHO. 22 While they have proven to be fairly robust for classifying obesity across populations, they are based primarily on the association between BMI and mortality in European and North American populations. 45, 46 Chinese have the same level of body fat as Caucasians at a lower BMI, 47, 48 and therefore lower BMIs may indicate greater health risk.
Body fat increases with age and we were unable to measure the impact of aging on weight gain in this study. However, while not statistically independent, the BMI distribution curves for two cross-sections of people aged 20±45 in 1989 and 1997 were very similar to the curves for the cohort. Age-related weight gain in this cohort may or may not be important depending on the associated health risk and on how modi®able this`natural' weight gain is. Detailed data on chronic illnesses that may affect weight were not collected in the 1989 survey and therefore we could not remove sick individuals from the analysis. Caution should be exercised in generalizing these results to the wider Chinese population given the large and somewhat biased proportion of the cohort that was lost to follow-up.
It appears that the trend towards increasing overweight and obesity has continued unabated in this cohort of Chinese adults. Furthermore, declines in work-related physical activity are inevitable as China continues its social and economic transition and in the absence of widespread interventions the prevalence of obesity will continue to rise. International public health efforts to prevent and control the obesity epidemic have highlighted the importance of modifying the obesity-promoting nature of the environment. Replacing work-related physical activity with other forms of activity may be an effective strategy in China.
